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[57] ABSTRACT 


A data reading device for use in a disc player including 
a pickup device for reading data from a disc, a pickup 
transfer motor for moving the pickup across the disc in 
a radial direction in response to a speed control signal, 
a pickup transfer speed detector for detecting the radial 
speed of the pickup and generating a speed signal repre- 
sentative of the speed, a target position signal generator 
for generating a position signal corresponding to a de- 
sired radial position on the disc, a microcomputor for 
calculating the location of the pickup with respect to 
the disc and generating a location signal corresponding 
to the location, a comparator for generating a distance 
signal representing the distance between the location of 
the pickup and the desired position using the position 
signal and the location signal, nonlinear attenuator for 
attenuating the speed signal in a nonlinear manner based 
upon the value of the speed signal and a pickup drive 
circuit for generating the speed control signal from the 
distance signal and the attenuated speed signal and ap- 
plying the speed control signal to the pickup transfer 
motor for moving the pickup. 


12 Claims, 6 Drawing Sheets 
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TRACK ACQUISITION APPARATUS AND 
METHOD WITH SPECIFIED VELOCITY 
; PATTERN — 


FIELD OF THE INVENTION 
The present invention relates generally to a data read- 
ing device for-use in a disc player, and more particu- 
larly, to a track jump servo system for a disc player 
having servos for positioning a pickup means to a de- 
sired data location on a disc-shape information carrier. 


BACKGROUND OF THE INVENTION 
Digital record discs for recording information signals 


such as digitized audio signals, video or image signals ! 


have become quite common, as have record disc repro- 
ducing apparatus for reproducing the recorded infor- 
mation data. Further, some digital record discs, e.g., 
so-called CDs (Compact Discs) have recently become 


used as ROM (Read Only Memory) devices for com- 


puters, so-called CD-ROMs. 

On such a digital record disc, digital data intended for 
high density recording are recorded in the form of a 
spiral bit string on one side thereof and reproduced 
through reading the bit string by means of pickup means 
such as an optical pickup using laser beams. The optical 
pickup of the record disc reproducing apparatus fol- 
lows the bit string by means of a tracking control sys- 
tem. CD players or video disc players are further used 
to process the read-out signal in a predetermined man- 
ner so as to convert the signal into a replica of the origi- 
nal analog form signal which was recorded, ie., an 
audio or video signal, as an output. 

As is well known, address information may also be 
recorded 6n the record disc which may be detected for 
a data search or a track jump operation, so that repro- 
duction at a desired track location canbe easily and 
quickly achieved. In particular, a selected address cor- 
responding to the desired track location is preset, and 
the pickup is rapidly moved across or transverse to the 
disc tracks until the target track corresponding to the 
selected address is reached. During such a data search 
operation, the distance that the pickup should jump or 
transverse tracks is calculated by, for example, a mi- 
crocomputer in accordance with the address of the 
track at which the pickup is presently located and the 
address of the target track. Then the pickup is moved 
that distance radially across the tracks of the disc by 
applying a pickup transfer drive voltage to a pickup 
transfer motor such as a linear motor. The pickup trans- 
fer drive voltage causes the pickup to move across or 
transverse tracks until the pickup transfer drive voltage 
ceases. 

Conventionally, data reading devices such as CD- 
ROM drivers, CD players, etc., are provided with an 
information data search operation system to quickly 
read out a desired information signal recorded on a disc 
such as a CD or a CD-ROM. The search operation is 
realized by moving a pickup in the radial direction of 
the disc to the location of desired information to be read 
out. That is, the search operation is carried out by a 
so-called track jump movement in which the pickup 
jumps across or transverse a number of tracks. 

Referring now to FIG. 1, a conventional data reading 
device will be described in brief. FIG. 1 is a block dia- 
gram showing the conventional data reading device for 
a disc player. In FIG. 1, a pickup. 10 is provided for 
optically reading out data from a disc (not shown) such 
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as a CD or a CD-ROM. The pickup 10 comprises an 
optical system such as a laser beam source, an objetive 
lens, a phototransducer, etc. and a mechanical system 
such as a lens support for movably supporting the ob- 
jective lens in the pickup 10. 

The pickup 10 outputs a signal responding to an opti- 
cal signal applied from the disc to the pickup 10. The 
output signal is applied to a data processing circuit 12 
and a tracking error detection circuit 14. The tracking 
error detection circuit 14 generates a tracking error 
singal S;. The tracking error singal S is obtained in 
response to a deviation of the pickup 10 from the center 
of a record track. The tracking error singal S) is applied 
to a first fixed terminal 16a of a mode switch 16. 

In the data reading mode, a movable terminal 16) of 
the mode switch 16 is connected to the first fixed termi- 
nal 16a under the control of a system controller 18 such 
as a microcomputor. Thus, the tracking error singal S; 
is applied to an adder 20. The adder 20 is provided for 
introducing the tracking error singal S; and a pickup 
transfer speed signal S2, which will be described later, 
into the same circuit. The tracking error singal S; and 
the pickup transfer speed signal S2 are applied to both a 
pickup drive system 22 and an objective lens drive sys- 
tem (not shown). The objective lens drive system 
moves the objective lens in the direction across or trans- 
verse the tracks. Thus, a tracking servo for the pickup 
10 is carried out. 

The pickup drive system 22 comprises an integration 
compensation circuit 24, a drive amplifier 26 and a 
pickup transfer motor 28. The integration compensation 
circuit 24 compensates the tracking error singal S and 
the pickup transfer speed signal S2 so that some influ- 
ences in the tracking error singal S; and the pickup 
transfer speed signal S2 caused by nonlinearity of the 
mechanical system are reduced. The tracking error 
singal S; and the pickup transfer speed signal S2 are 
applied to the pickup transfer motor 28 through the 
drive amplifier 26. Thus, the pickup transfer motor 22 
gradually moves the pickup 10 in the direction toward 
the periphery of the disc to follow the spiral track of the 
disc. 

The data reading device further comprises a pickup 
transfer speed detector 30 such as a frequency genera- 
tor. The pickup transfer speed detector 30 is associated 
with the pickup 10 for generating the pickup transfer 
speed signal S2 responding to the transfer speed of the 
pickup 10. The pickup transfer speed signal S> is intro- 
duced into the pickup drive system 22 through the 
adder 20. The pickup transfer speed signal S2 operates 
to dump the movement of the pickup transfer motor 28, 
in the servo control manner. Thus, the movement of the 
pickup 10 is stabilized. 

Further, the data reading device comprises a track 
jump operation system 32 for carrying out the search 
operation. The track jump operation system 32 com- 
prises the pickup transfer speed detector 30, an integra- 
tor 34, a target location indicating voltage generator 36, 
a comparator 38 and the system controller 18. 

When an operation for searching a specific data to be 
read is commanded, the data reading device is changed 
from the data reading mode by the system controller 18. 

In the search operation mode, the system controller 
18 turns the movable terminal 16 of the mode switch 
16 to the second fixed terminal 16c. Further the system 
controller 18 activates the integrator 34 so that the 
content of the integrator 34 is initialized. The system 
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3 
controller 18 further decides a transfer direction of the 
pickup 10 by judging whether the specific data to be 
read is located on a track position inner or outer than 
the present location of the pickup 10. 

The integrator 34 is associated with the pickup trans- 
fer speed detector 30 for integrating the pickup transfer 
speed signal S2 applied from the pickup transfer speed 
detector 30. Thus, the integrator 34 outputs an integra- 
tion voltage Vp. The integration voltage Vp output 
from the integrator 34 increases in response to the 
progress of movement of the pickup 10. 

The system controller 18, e.g., the microcomputor 
calculates a distance between the present location of the 
pickup 10 and the target location of the specific data to 
be read. Then, the system controller 18 sets a target 
location indicating voltage Vt in the target location 
indicating voltage generator 36. 

Both the integration voltage Vp output from the 
integrator 34 and the target location indicating voltage 
Vt generated from the target location indicating voltage 
generator 36 are applied to the comparator 38. The 
comparator 38 compares the integration voltage Vp 
with the target location indicating voltage Vt. Thus, an 
error voltage Ve corresponding to the difference be- 
tween the voltages Vp and Vt is output from the com- 
parator 38. The error voltage Ve is introduced into the 
pickup drive system 22 through the mode switch 16. 
The error voltage Ve drives the pickup transfer motor 
28 so that the pickup 10 moves or jumps across the 
tracks toward the target location of the specific data to 
be read. 

When the pickup 10 reaches the target location, the 
integration voltage Vp increases to the value almost the 
same as the target location indicating voltage Vt 
(Vp=Vt). Then, the error voltage Ve from the compar- 
ator 38 is eliminated to the zero voltage so that the 
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movement of the pickup 10 finishes and the data search — 


operation is completed. In response to the completion 
of the data search operation, the system controller 18 
turns the data reading device to the data reading mode. 

In the data search operation mode, the pickup trans- 
fer speed signal S2 is also introduced into the pickup 
drive system 22 through the adder 20. The pickup trans- 


fer speed signal S2 operates to dump the movement of 45 


the pickup transfer motor 28 in the negative feedback 
manner, in similar to the operation in the data reading 
mode. Thus, the pickup 10 is settled to the target track 
without overruning the target track. If the pickup trans- 
fer speed signal S2 is not introduced into the pickup 
drive system 22 in the data search operation, the pickup 
10 is apt to overruning the target track. When such an 
overruning occurs, the pickup 10 approaches the target 
track through an oscillatory movement across the tar- 
get track. Thus, the data search operation takes a long 
time period. Furthermore, if the target location of the 
specific data to be read is near to the periphery of the 
disc, the pickup 10 easily goes to the outside of the disc. 
When such overrun of the pickup 10 has occurred, the 
focus servo will be no longer carried out for the optical 
system in the pickup 10. As a result, the data reading 
operation becomes impossible or an enormous time will 
be required for restoration of the data reading opera- 
tion. 

The pickup transfer speed signal S2 introduced into 
the pickup drive system 22 prevents such an inconve- 
nience. However, the conventional data reading device 
still has some drawbacks as described below. 
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The pickup transfer speed signal S2 is used for dump- 
ing the movement of the pickup 10 in the servo control 
manner. As a result, the pickup 10 can stablely follow 
the track in the data reading mode. In the data search 
mode, the pickup 10 can be settled on the target track 
without overruning the target track. However, the 
pickup 10 can not reach rapidly the target track. This is 
because a relatively large value of the pickup transfer 
speed signal S2 is always applied to the pickup drive 
system 22 during the data search operation, especially at 
the beginning of the data search operation. The large 
value of the pickup transfer speed signal S2 excessively 
dumps the movement of the pickup 10. Thus, the trans- 
fer speed of the pickup 10 toward the target track is 
reduced. This causes that the data search operation to 
take a long time. 


SUMMARY OF THE INVENTION 


Accordingly, it is an object of the present invention 
to provide a data reading device for use in a disc player 
which is capable of rapidly and accurately accessing a 
desired data or information record track on a disc-shape 
information carrier. 

It is another object of the present invention to pro- 
vide a track jump servo system for positioning a pickup 
means rapidly and accurately to a desired data location 
on a disc-shape information carrier. 

It is still another object of the present invention to 
provide a track jump servo system for disc players 
which is able to avoid the above-described difficulties 
encountered with the prior art. 

These and other objects of the present invention are 
achieved in the data reading device for use in a disc 
player which includes a pickup device for reading data 
from a disc, a pickup transfer motor for moving the 
pickup across the disc in a radial direction in response to 
to a speed control signal, a pickup transfer speed detec- 
tor for detecting the radial speed of the pickup and 
generating a speed signal representative of the speed, a 
target position signal generator for generating a position 
signal corresponding to a desired radial position on the 
disc, a microcomputor for calculating the location of 
the pickup with respect to the disc and generating a 
location signal corresponding to the location, a compar- 
ator for generating a distance signal representing the 
distance between the location of the pickup and the 
desired position using the position signal and the loca- 
tion signal, nonlinear attenuator for attenuating the 
speed signal in a nonlinear manner based upon the value 
of the speed signal and a pickup drive circuit for gener- 
ating the speed control signal from the distance signal 
and the attenuated speed signal and applying the speed 
control signal to the pickup transfer motor for moving 
the pickup. 

Additional objects and advantages of the present 
invention will be apparent to persons skilled in the art 
from a study of the following description and the ac- 
companying drawings, which are hereby incorporated 
in and constitute a part of this specification. 


BRIEF DESCRIPTION OF THE DRAWINGS 


A more complete appreciation of the invention and 
many of the attendant advantages thereof will be 
readily obtained as the same becomes better understood 
by reference to the following detailed description when 
considered in connection with the accompanying draw- 
ings, wherein: 
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FIG. 1 is a block diagram showing a conventional 
data reading device for use of a disc player; 

FIG. 2 is a block diagram showing a first embodiment 
of a data reading device for use of a disc player accord- 
ing to the present invention; 

FIG. 3 is a graph showing a transfer speed of the 
pickup of the data reading device of FIG. 2 in the data 
search operation; _ 

FIG. 4 is a schematic circuit diagram showing a prac- 
tical circuit arrangement for a part of the data reading 
device of FIG. 2, which is assigned for the data search 
operation; 


FIG. 5 is a block diagram showing a second embodi- 


ment of a data reading device for use of a disc player 
according to the present invention; and 

FIG. 6 is a schematic circuit diagram showing a prac- 
tical circuit arrangement for a part of the data reading 
device of FIG. 5, which is assigned for the data search 
operation. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


The present invention will now be described in detail 
with reference to FIGS. 2 through 6. Throughout the 
drawings, like reference numerals or letters used in 
FIG. 1 (Prior Art) will be used to designate like or 
equivalent elements for simplicity of explanation. 

Referring now to FIGS. 2, 3 and 4, a first embodi- 
ment of a data reading device for a disc player accord- 
ing to the present invention will be described. FIG. 2 is 
a block diagram showing the first embodiment of a data 
reading device. FIG. 3 is a graph showing a transfer 
speed of the pickup of the data reading device of FIG. 
2 in the data search operation, in comparison to that of 
the conventional device. FIG. 4 is a diagram showing 
the practical circuit arrangement embodying a part of 
the data reading device of FIG. 2, which is assigned for 
the data search operation. 

In FIG. 2, a pickup 10 is provided for optically read- 
ing out data from a disc (not shown) such as a CD ora 
CD-ROM. The pickup 10 comprises an optical system 
such as a laser beam source, an objective lens, a photo- 
transducer, etc. and a mechanical system such as a lens 
support for movably supporting the objective lens in the 
pickup 10. 

The pickup 10 outputs a signal responding to an opti- 
cal signal applied from the disc to the pickup 10. The 
output signal is applied to a data processing circuit 12 
and a tracking error detection circuit 14. The tracking 
error detection circuit 14 generates a tracking error 
singal S;. The tracking error singal S; is obtained in 
response to a deviation of the pickup 10 from the center 
of a record track. The tracking error singal S; is applied 
to a first fixed terminal 16a of a mode switch 16. 

In the data reading mode, a movable terminal 165 of 
the mode switch 16 is connected to the first fixed termi- 
nal 16a under the control of a system controller 18 such 
as a microcomputor. Thus, the tracking error singal S; 
is applied to an adder 20. The adder 20 is provided for 

- introducing the tracking error singal S; and a pickup 
transfer speed signal S2, which will be described later, 
into the same circuit. The tracking error singal S; and 
the pickup transfer speed signal S2 are applied to both a 
pickup drive system 22 and an objective lens drive sys- 
tem (not shown). The objective lens drive system 
moves the objective lens in the direction across or trans- 
verse the tracks. Thus, a tracking servo for the. pickup 
10 is carried out. 
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The pickup drive system 22 comprises an integration 
compensation circuit 24, a drive amplifier 26 and a 
pickup transfer motor 28. The integration compensation 
circuit 24 compensates the tracking error singal S; and 
the pickup transfer speed signal S2 so that some unde- 
sired influences in the tracking error singal S; and the 
pickup transfer speed signal S2 caused by nonlinearity of 
the mechanical system are reduced. The tracking error 
singal S; and the pickup transfer speed signal S2 are 
applied to the pickup transfer motor 28 through the 
drive amplifier 26. Thus, the pickup transfer motor 22 
gradually moves the pickup 10 in the direction toward 
the periphery of the disc to follow the spiral track of the 
disc. 

The data reading device further comprises a pickup 
transfer speed detector 30 such as a frequency genera- 
tor. The pickup transfer speed detector 30 is associated 
with the pickup 10 for generating the pickup transfer 
speed signal S2 responding to the transfer speed of the 
pickup 10. The pickup transfer speed signal S2 is applied 
to a nonlinear attenuator 40. 

The nonlinear attenuator 40 has a prescribed thresh- 
old level Vth of voltage for the attenuation. When the 
voltage level of the pickup transfer speed signal S2 is 
lower than the threshold level Vth, the nonlinear atten- 
uator 40 transmits the pickup transfer speed signal S2 
therethrough with a small degree of attenuation or no 
attenuation. On the other hand, the nonlinear attenuator 
40 sharply attenuates the pickup transfer speed signal 
S2, when the voltage level of the pickup transfer speed 
signal S2 is higher than the threshold level Vth. The 
pickup transfer speed signal S2 passing through the 
nonlinear attenuator 40 is then introduced into the 
pickup drive system 22 through the adder 20. 

In the data reading mode, the pickup 10 is servo 
controlled to follow the track under the control of the 


' tracking error signal S;, as described before. Thus, the 


pickup transfer speed detector 30 generates a pickup 
transfer speed signal S2 of small value, which signal is 
very much lower than the threshold level Vth. The low 
level pickup transfer speed signal S2 passes through the 
nonlinear attenuator 40 without being attenuated by the 
nonlinear attenuator 40. Thus, the data reading device 
according to the present invention carries out the data 
reading operation almost the same as that of carried out 
by the conventional data reading device, as shown in 
FIG. 1. That is, the tracking movement of the pickup 10 
is effectively dumped by the sufficient amount of the 
pickup transfer speed signal S2. This results the pickup 
10 stably following the subject track. 

Further, the data reading device comprises a track 
jump operation system 32 for carrying out the data 
search operation. The track jump operation system 32 
comprises the pickup transfer speed detector 30, an 
integrator 34, a target location indicating voltage gener- 
ator 36, a comparator 38 and the system controller 18. 

When an operation for searching for specific data to 
be read is commanded, the data reading device is 
changed from the data reading mode by the system 
controller 18. 

In the search operation mode, the system controller 
18 turns the movable terminal 16b of the mode switch 
16 to the second fixed terminal 16c. Further the system 
controller 18 activates the integrator 34 so that the 
content of the integrator 34 is initialized. The system 
controller 18 further decides a transfer direction of the 
pickup 10 by judging whether the specific data to be 
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7 
tread is located on a track position inside or outside of 
the present location of the pickup 10. 

The integrator 34 is associated with the pickup trans- 
fer speed detector 30 for integrating the pickup transfer 
speed signal S2 applied from the pickup transfer speed 
detector 30. The integrator 34 outputs an integration 
voltage Vp. The integration voltage Vp output from the 
integrator 34 increases in response to the progress of 
movement of the pickup 10. 

The system controller 18, e.g., the microcompuior, 
calculates a distance between the present location of the 
pickup 10 and the target location of the specific data to 
be read. Then, the system controller 18 sets a target 
location indicating voltage Vt in the target location 
indicating voltage generator 36. 

Both the integration voltage Vp output from the 
integrator 34 and the target location indicating voltage 
Vi generated from the target location indicating voltage 
generator 36 are applied to the comparator 38. The 
comparator 38 compares the integration voltage Vp 
with the target location indicating voltage Vt. Thus, an 
error voltage Ve corresponding to the difference be- 
tween the voltages Vp and Vt is output from the com- 
parator 38. The error voltage Ve is introduced in to the 


pickup drive system 22 through the mode switch 16. 2 


The error voltage Ve drives the pickup transfer motor 
28 so that the pickup 10 moves or jumps across the 
tracks toward the target location of the specific data to 
be read. 

When the pickup 10 reaches the target location, the 
integration voltage Vp increases to a value almost the 
same as the target location indicating voltage Vt 
(Vp=Vt). Then, the error voltage Ve from the compar- 
ator 38 is reduced to zero so that the movement of the 
pickup 10 stops and the data search operation is com- 
pleted. In response to the completion of the data search 
operation, the system controller 18 turns the data read- 
ing device to the data reading mode. 

In the data search operation mode, the pickup trans- 
fer speed signal S2 is also introduced into the pickup 
drive system 22 through the nonlinear attenuator 40 and 
the adder 20. When the voltage level of the pickup 
transfer speed signal S2 is lower than the threshold level 
Vth, the nonlinear attenuator 40 transmits the pickup 
transfer speed signal S2 therethrough with a small atten- 
uation or no attenuation, as described above. On the 
other hand, the nonlinear attenuator 40 sharply attenu- 
ates the pickup transfer speed signal S2, when the volt- 
age level of the pickup transfer speed signal Sz is higher 
than the threshold level Vth. The pickup transfer speed 
signal S2 passing through the nonlinear attenuator 40 is 
then introduced into the pickup drive system 22 
through the adder 20. 

The pickup transfer speed signal S2 introduced into 
the pickup drive system 22 operates to dump the trans- 
fer movement of the pickup 10, in the manner similar to 
the operation in the data reading mode. 

At the beginning of the data search operation, the 
error voltage Ve with a relatively high voltage in re- 
sponse to- the distance between the location of the 
pickup 10 at the beginning of the data search operation 
and the target location is introduced into the pickup 
drive system 22. The high level error voltage Ve causes 
the pickup 10 to move at a relatively high speed toward 
the target track. Thus, the pickup transfer speed signal 
S2 with a voltage higher than the threshold level Vth of 
the nonlinear attenuator 40 is detected from the pickup 
transfer speed detector 30. However, the high level 
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pickup transfer speed signal S2 is greatly attenuated by 
the nonlinear attenuator 40. The attenuated pickup 
transfer speed signal Sz is then introduced into the 
pickup drive system 22. As a result, the pickup transfer 
motor 28 in the pickup drive system 22 can rapidly 


. move the pickup 10 toward the target location of the 


40 


60 


specific data to be read. 

When the data search operation progresses favorably, 
the integration voltage Vp output from the integrator 
34 gradually increases so that the error voltage Ve 
output from the comparator 38 also gradually de- 
creases. The decreased error voltage Ve introduced 
into the pickup drive system 22 reduces the transfer 
speed of the pickup 10. The pickup transfer speed signal 
S2 output from the pickup transfer speed signal detector 
30 decreases in response to the transfer speed of the 
pickup 10. When the pickup 10 reaches a position close 
to the target track at a prescribed extent, the pickup 
transfer speed signal S2 becomes lower than the thresh- 
old voltage Vth. The low level pickup transfer speed 
signal S2 passes through the nonlinear attenuator 40 
with the small attenuation or no attenuation. Thus, the 
sufficient amount of the low level pickup transfer speed 
signal S2 is introduced into the pickup drive system 22, 
when the pickup 10 has reached to the position close to 
the target track. The non-attenuated pickup transfer 
speed signal S2 operates to sufficiently dump the trans- 
fer movement of the pickup 10. Thus, the pickup 10 is 
rapidly settled to the target track without overrunning 
the target track. 

_ Referring now to FIG. 3, the operation of the nonlin- 
ear attenuator 40 will be described. FIG. 3 is a graph 
showing the pickup transfer speed signal S2 of the data — 
reading device of FIG. 2 in the data search operation. 
As shown in FIG. 3, the pickup transfer speed signal S2 
presents a very high voltage of about 5 volts at the 
beginning of the track jump operation in response to the 
distance that the pickup 10 must jump. The high level 
pickup transfer speed signal S2 strongly accelerates the 
pickup 10 so that the pickup 10 rapidly moves toward 
the target data location. When the data search operation 
progresses favorably, the error voltage Ve introduced 
into the pickup drive system 22 gradually decreases. 
Thus, the the pickup transfer speed signal S2 gradually 
decreases, as shown by the graph portion Ga in FIG. 3. 
When the pickup transfer speed signal S2 decreases 
below the threshold voltage Vth, the transfer speed of 
the pickup 10 is rapidly dumped. The pickup transfer 
speed signal S2 rapidly decreases, as shown by the graph 
portion Gb in FIG. 3. 

In FIG. 3, the graph portion Gc shows the variation 
characteristics of the pickup transfer speed signal S2 in 
the conventional data reading device (see FIG. 1). As is 
easily understood from the graphs in FIG. 3, the data 
reading device of the present invention can rapidly 
move the pickup 10 to the target track in comparison to 
the conventional data reading device. 

As described above, the pickup 10 is rapidly moved 
toward the specific data location to be read, at the be- 
ginning of the data search operation. Further, the trans- 
fer speed of the pickup 10 is effectively dumped when 
the pickup 10 approaches to the specific data location to 
be read. Thus, the pickup 10 is accurately positioned by 
the data search system 32. Further, the pickup 10 is 
prevented from running outside the outer perimeter of 
the disc and the rapid and accurate track jump opera- 
tion to the target location is performed. 
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Referring now to FIG. 4, a practical circuit arrange- 
ment of the data reading device of FIG. 2 will be ex- 
plained. FIG. 4 is a schematic circuit diagram showing 


a practical circuit arrangement for a part of the data- 


reading device of FIG. 2, 
search operation. 

' ‘In FIG. 4, the pickup transfer speed detector 30 com- 

prises a detection coil 42. The pickup transfer speed 

signal S2 is generated in the detection coil 42. The 

pickup transfer speed signal S2 is applied to both the 


which is assigned for the data 


_ 


0 


integrator 34 and the nonlinear attenuator 40. The inte- — 


grator 34 comprises a first operational amplifier 44, a 
capacitor 46 coupled across the inverse input terminal 
and the output terminal of the first operational amplifier 
44 and an integrator switch 48 coupled in parallel with 
the capacitor 46. The inverse input terminal of the first 
operational amplifier 44 is coupled to the detection coil 
42 through a resistor 50. The non-inverse input terminal 
. of the first operational amplifier 44 is coupled to a refer- 
ence potential source 52. 

Theswitch 46 is turned OFF by the system controller 
18 in the data search or track jump operation. When the 
data search operation finishes, the integrator switch 48 
is turned ON. Thus, the integrator 34 is reset so that the 
content of the integrator 34 is initialized. 

‘The pickup transfer speed signal S2 is applied to the 
inverse input terminal of the first operational amplifier 
44 through the resistor 50. The pickup transfer speed 
signal S2 is charged in the capacitor 46 so that the inte- 
grated voltage Vp is obtained from the output of the 
integrator 34. 

The integration voltage Vp is applied to the compara- 
tor 38. The comparator 38 comprises a second opera- 
tional amplifier 54 and a feedback resistor 56 coupled 
across the inverse input terminal and the output termi- 
nal of the second operational amplifier 54. The inverse 
input terminal of the second operational amplifier 54 is 
coupled to the output terminal of the integrator 34 
through a resistor 58. The non-inverse input terminal of 
the second operational amplifier 54 is coupled to both 
the reference potential source 52 and the target location 
indicating voltage generator 36. The non-inverse input 
terminal and the reference potential source 52 are cou- 
pled to each other through a resistor 60. The non- 
inverse input terminal and the target location indicating 
voltage generator 36 are coupled to each other through 
a resistor 62. Thus, the integration voltage Vp is com- 
pared with the target location indicating voltage Vt 
applied from the target location indicating voltage gen- 
erator 36 in the comparator 38. 

The output of the comparator 38, i.e., the error volt- 
age Ve obtained by the comparator 38 is applied to the 
mode switch 16. The mode switch 16 is divided to two 
unit switches 16A and 16B. Then, the error voltage Ve 
is applied to the first unit. switch 16A. The first unit 
switch 16A is turned ON in the data search operation by 
the system controller 18. While, the second unit switch 
16B is turned OFF in the data search mode by the sys- 
tem controller 18, as described later. 

- The error: voltage Ve passing through the first unit 
switch 16A is introduced into the pickup drive system 
22 through the adder 20. The adder 20 comprises a pair 
of adder resistors 64 and 66, which are coupled to each 
other with their respective one ends. The first adder 
resistor 64 is coupled between the first unit switch 16A. 
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and the pickup drive system 22. The second adder resis- . 


. tor 66 is coupled between the nonlinear attenuator 40 
and the pickup drive system 22. 
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The error voltage Ve passing through the adder 20 is 
applied to the integration compensation circuit 24 in the 
pickup drive system 22. The integration compensation 
circuit 24 comprises a third operational amplifier 68 and _ 
a feedback network 70 coupled across the inverse input 
terminal and the output terminal of the third operational 
amplifier 68. The feedback network 70 comprises a 
feedback capacitor 72 and a pair of feedback resistors 74 
and 76. The feedback capacitor 72 and the first feedback 
resistor 74 are coupled in series between the inverse 
input terminal and the output terminal of the third oper- 
ational amplifier 68. The second feedback resistor 76 is 
coupled in parallel to the series circuit of the feedback 
capacitor 72 and the first feedback resistor 74. 

The inverse input terminal of the third operational 
amplifier 68 is coupled to the connection node between 
the first and second adder resistors 64 and 66. The non- 
inverse input terminal of the third operational amplifier 
68 is coupled to both the reference potential source 52 
and the tracking error detection circuit 14 (see FIG. 2). 
The non-inverse input terminal and the reference poten- 
tial source 52 are coupled through a resistor 78. The 
non-inverse input terminal and the tracking error detec- 
tion circuit 14 are coupled through the second unit 
switch 16B. 

The output of the third operational amplifier 68, i.e., 
the integration compensation circuit 24 is applied to the 
pickup transfer motor 28 through the drive amplifier 26. 
The pickup transfer motor 28 comprises a drive coil 80 
for moving the pickup 10 (see FIG. 2). 

The second unit switch 16B is turned OFF in the data 
search mode by the system controller 18, as described 
before. Thus, the tracking error signal S; from the 
tracking error signal detection circuit 14 (see FIG. 2) is 
prohibited from being introduced into the pickup drive 
system 22 in the data search mode. 

The- nonlinear attenuator 40 comprises a pair of di- 
odes 82 and 84, an attenuator resistor 86 and the first 
and second adder resistors 64 and 66 of the adder 20. 
The pair of diodes 82 and 84 and the attenuator resistor 
86 are coupled in parallel with each other. In the paral- 
lel circuit, the pair of diodes 82 and 84 are coupled in 
the opposite directions. The parallel circuit of the three 
elements 82, 84 and 86 is coupled between the detection 
coil 42 of the pickup transfer sped detector 30 and the 
second adder resistor 66 of the adder 20. 

Each of the diodes 82 and 84 has a threshold voltage 
Vth. The attenuator resistor 86 has a large resistance 
Rgg in comparison to the resistances Req and Reg of the 
first and second adder resistors 64 and 66. 

A pickup transfer speed signal S2 having an absolute 
value higher than the threshold voltage Vth passes 
through one of the diodes 82 and 84 and the adder 
resistor 66. The attenuation output voltage Vj of the 
nonlinear attenuator 40 in the above case is given by the 
following Equation (1). 

Vi =S2-Ree/(Reat+ Ree) Q) 
Equation (1) shows that attenuation output voltage V1 is 
relatively small. In other words, the pickup transfer 
speed signal S2 is greatly attenuated by the attenuator 
resistor 86. 

A pickup transfer speed signal S2 having an absolute 
value lower than the threshold voltage Vth passes 
through the attenuator resistor 86 and the adder resistor 
66. The attenuation output voltage V2 in this case is 


given by the following Equation (2). 
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2=S2-(Reo+Ra6)/(Ro4+ Reo + Ree) (2) 
Here it is assumed that the resistance Rg¢ of the.attenua-. 
tor resistor 86 is much larger than the resistances Re4 
and Ré¢¢ of the first and second adder resistors 64 and 66. 
Then, Equation (2) is modified to the following Equa- 
tion (3). 

V2=S2-R66/Re6=S2 @) 
Equation (3) shows that attenuation output voltage V2is 
equal to the original voltage of the pickup transfer 
speed signal S2. In other words, the low level pickup 
transfer speed signal Sz passes through the nonlinear 
attenuator 40 without any attenuation. 

The target location indicating voltage generator 36 
comprises a digital-to-analog converter (referred as 
D/A converter). The system controller 18 applies to the 
D/A converter 36 digital data. corresponding to the 


distance between the present location of the pickup 10 2 


and the target track location. The D/A converter 36 
converts the digital data to the target location indicat- 
ing voltage Vt. The target location indicating voltage 
Vt is applied to the non-inverse input terminal of the 
second operational amplifier 54 in the comparator 38. 

The data reading device of FIG. 4 optionally includes 
a voltage range detector 88. The voltage range detector 
88 is coupled between the pickup transfer speed detec- 
tor 30 and the system controller 18. The voltage range 
detector 88 comprises a pair of fourth and fifth opera- 
tional amplifiers 90 and 92 and an OR gate 94. 

The non-inverse input terminal of the fourth opera- 
tional amplifier 90 is coupled to the detection coil 42 of 
the pickup transfer speed detector 30. The inverse input 


terminal of the fourth operational amplifier 90 is cou- 3 


pled to a prescribed positive voltage source 96. Thus, 
the fourth operational amplifier 90 judges whether a 
pickup transfer speed signal S2 having a positive voltage 
is below the prescribed positive voltage +E or not. 

The inverse input terminal of the fifth operational 
amplifier 92 is coupled to the detection coil 42 of the 
pickup transfer speed detector 30. The non-inverse 
input terminal of the fifth operational amplifier 92 is 
coupled to a prescribed negative voltage source 98. 
Thus, the fifth operational amplifier 92 judges whether 
a pickup transfer speed signal S2 having a negative volt- 
age is above the prescribed negative voltage —E, or 
not. 

Both output terminals of the fourth and fifth opera- 
tional amplifiers 90 and 92 are coupled to input termi- 
nals of the OR gate 94. Thus, the voltage range detector 
88 judges whether the absolute value of the pickup 
transfer speed signal S2 is below the voltage E, or not. 
The output of the voltage range detector 88 is applied 
from the output terminal of the OR gate 94 to the sys- 
tem controller 18. The system controller 18 performs a 
suitable control for the data reading device, e.g., a speed 
dumping ratio control for the pickup drive system 22. 

Referring now to FIGS. 5 and 6, a second embodi- 
ment of a data-reading device for a disc player accord- 
ing to the present invention will be described. FIG. 5 is 
a block diagram showing the second embodiment of a 
data reading device. FIG. 6 is a diagram showing the 
practical circuit arrangement embodying a part of the 
data reading device of FIG. 5, which is assigned for the 
data search operation. 

As shown in FIG. 5, the second embodiment of the 
data reading device is different from the first embodi- 
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ment of the data reading device in that the nonlinear 
amplifier 40a is coupled between the comparator 38 and 
the mode switch 16. The remainders of the second em- 
bodiment of the data reading device is the same as those 
of the first embodiment of the data reading device. 
Thus, the second embodiment of the data reading de- 
vice will be described only with respect to the different 
portion for simplicity of explanation. 

In FIG. 5, the nonlinear amplifier 40a is coupled 
between the comparator 38 and the mode switch 16, as 
described above. Thus, the nonlinear amplifier 40a se- 
lectively amplifies the error voltage Ve obtained by the 
comparator 38. When the error voltage Ve is higher 
than a prescribed threshold voltage Vth’, the nonlinear 
amplifier 40@ amplifies the error voltage Ve. On the 
other hand, the nonlinear amplifier 40a transmits the 
error voltage Ve therethrough with a small degree of 
amplification or no amplification when the voltage level 
of the error voltage Ve is lower than the threshold level 
Vth. The error voltage Ve passing through the nonlin- 
ear amplifier 40a is then introduced into the pickup 
drive system 22 through mode selector 16 and the adder 
20. The error voltage Ve introduced into the pickup 
drive system 22 operates to accelerate the transfer 
movement of the pickup 10. 

At the beginning of the data search operation, the 
error voltage Ve, having a relatively high level in re- 
sponse to the distance between the location of the 
pickup 10 at the beginning of the data search operation 
and the target location, is introduced into the pickup 
drive system 22. The high level error voltage Ve is 
further amplified by the nonlinear amplifier 40a. Thus, 
the transfer speed of the pickup 10 at the beginning of 
the data search operation is accelerated. This causes the 
pickup 10 to move at a prescribed accelerated speed 
toward the target track. Thus, the pickup 10 can rapidly 
approach the target track. 

When the pickup 10 reaches a position close to the 
target track at a prescribed extent, the error voltage Ve 
decreases below the threshold voltage Vth. The nonlin- 
ear amplifier 40a passes the low level error voltage Ve 
with little or no amplification. The non-amplified error 
voltage Ve is then introduced into the pickup drive 
system 22. The non-amplified error voltage Ve fails to 
accelerate the movement of the pickup 10. Thus, the 
pickup 10 is rapidly converged to the target track with- 
out overruning the target track. 

Referring now to FIG. 6, a practical circuit arrange- 
ment of the data reading device of FIG. 5 will be ex- 
plained. FIG. 6 is a schematic circuit diagram showing 
a practical circuit arrangement for a part of the data 
reading device of FIG. 5, which is assigned for the data 
search operation. 

Similar to FIG. 5, the circuit arrangement of FIG. 6 
is different from the first embodiment of the data read- 
ing device in that the nonlinear amplifier 40a is coupled 
between the comparator 38 and the mode switch 16. 
The remaining portions of the second embodiment of 
the data reading device are the same as those of the first 
embodiment of the data reading device. Thus, the cir- 
cuit arrangement of FIG. 6 will be described only with 
respect to the different portion for the simplicity of 
explanation. 

The nonlinear amplifier 40a comprises a sixth opera- 
tional amplifier 100, a pair of diodes 82 and 84, a first 
feedback resistor 102 and a second feedback resistor 
104. The non-inverse input terminal of the sixth opera- 
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tional amplifier 100 is coupled to the comparator 38. 
The inverse input terminal thereof is coupled to the 
reference potential source 52 through the second feed- 
back resistor 104. The pair of diodes 82 and 84 and the 
first feedback resistor 102 are coupled in parallel. In the 
parallel circuit, the pair of diodes 82 and 84 are coupled 
in the opposite directions. The parallel circuit of the 
three elements 82, 84 and 102 is coupled between the 
output terminal of the sixth operational amplifier 100 
and the inverse input terminal thereof. 

Each of the diodes 82 and 84 has the threshold volt- 
age Vth. The first feedback resistor 102 has a large 
resistance R192 in comparison to the resistance Rio4 of 
the second feedback resistor 104. 

When an error voltage Ve having a higher absolute 
value than the threshold voltage Vth is applied to the 
non-inverse input terminal of the sixth operational am- 
plifier 100, the output of the sixth operational amplifier 
100 flows through one of the diodes 82 and 84 and the 
second feedback resistor 104. In this case, the sixth 
operational amplifier 100 presents a relatively high de- 
grée of amplification. Thus, the amplified error voltage 
Ve is introduced into the pickup drive system. 

When an error voltage Ve having a lower abcolute 
value than the threshold voltage Vth is applied to the 
non-inverse input terminal of the sixth operational am- 
plifier 100, the output of the sixth operational amplifier 
100 flows through the first and second feedback resis- 
tors 102 and 104. In this case, the sixth operational am- 
plifier 100 presents a relatively low degree of amplifica- 
tion or no amplification. Thus, the non-amplified error 
voltage Ve is introduced into the pickup drive system. 

As described above, the present invention can pro- 
vide an extremely preferable data reading device for a 
disc player. 

While there has been illustrated and described what 
. are at present considered to be preferred embodiments 
of the present invention, it will be understood by those 
skilled in the art that various changes and modifications 
may be made, and equivalents may be substituted for 
elements thereof without departing from the true scope 
of the present invention. In addition, many modifica- 
tions may be made to adapt a particular situation or 
material to the teaching of the present invention with- 
out departing from the central scope thereof. There- 
fore, it is intended that the present invention not be 
limited to the particular embodiment disclosed as the 
best mode contemplated for carrying out the present 
invention, but that the present invention includes all 
embodiments falling within the scope of the appended 
claims. 

The foregoing description and the drawings are re- 
garded by the applicant as including a variety of indi- 
vidually inventive concepts, some of which may lie 
partially or wholly outside the scope of some or all of 
the following claims. The fact that the applicant has 
chosen at the time of filing of the present application to 
restrict the claimed scope of protection in accordance 
with the following claims is not to be taken as a dis- 
claimer of alternative inventive concepts that are in- 
cluded in the contents of the application and could be 
defined by claims differing in scope from the following 
claims, which different claims may be adopted subse- 
quently during prosecution, for example for the pur- 
poses of a dividual application. 

What is claimed is: 

1. A data reading device for use in a disc player com- 
prising: 
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14 
pickup means for reading data from a disc; 
means for moving said pickup means across said disc 
in a radial direction in response to to a speed con- 
trol signal; 
means for detecting the radial speed of said pickup 
means and generating a speed signal representative 
of said speed; 

means for generating a position signal corresponding 

to a desired radial position on said disc; 
means for calculating the location of said pickup 
means with respect to said disc and generating a 
location signal corresponding to said location; 

means for generating a distance signal representing 
the distance between the location of said pickup 
means and said desired position using said position 
signal and said location signal; 

nonlinear attenuation means for attenuating said 

speed signal in a nonlinear manner based upon the 
value of said speed signal; and 

-means for generating said speed control signal from 

said distance signal and said attenuated speed signal 
and applying said speed control signal to said 
means for moving said pickup means. 

2. The data reading device of claim 1, wherein the 
nonlinear attenuation means acts to provide a first level 
of attenuation to said speed signal when said signal is 
above a preset amount, and to provide a second level of 
attenuation to said speed signal when said signal is 
below said preset amount. 

3. The data reading device of claim 2, wherein said 
first level of attenuation is greater than said second level 
of attenuations. 

4. A data reading device for use in a disc player com- 
prising: 

pickup means for reading data from a disc; 

means for moving said pickup means across said disc 

in a radial direction in response to to a speed con- 
trol signal; 

means for detecting the radial speed of said pickup 

means and generating a speed signal representative 
of said speed; 

means for generating a position signal corresponding 

to a desired radial position on said disc; 
means for calculating the location of said pickup 
means with respect to said disc and generating a 
location signal corresponding to said location; 

means for generating a distance signal representing 
the distance between the location of said pickup 
means and said desired position using said position 
signal and said location signal; 

nonlinear amplifying means for amplifying said dis- 

tance signal in a nonlinear manner based upon the 
value of said distance signal; and 

means for generating said speed control signal from 

said amplified distance signal and said speed signal 
and applying said speed control signal to said 
means for moving said pickup means. 

5. The data reading device of claim 4, wherein the 
nonlinear amplification means acts to provide a first 
level of amplification to said distance signal when said 
signal is above a preset amount, and to provide a second 
level of amplification to said distance signal when said 
signal is below said preset amount. 

6. The data reading device of claim 5, wherein said 
first level of amplification is greater than said second 
level of amplifications. 
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7. A method of moving pickup means from a first 
position to a second position on a disc, comprising the 
steps of: 

generating a first signal representative of the first 

position on said disc; 

generating a second signal representative of the sec- 

ond position on said disc; 

generating a distance signal which represents the 

distance between said first and second positions 
using said.first and second signals; 

generating a speed signal which represents the radial 

speed of said pickup means across said disc; 
attenuating said speed signal in a nonlinear attenua- 
tor; 

generating a control signal from said attenuated speed 

signal and said distance singal; and 

using said control signal to control the movement of 

said pickup means across said disc. 

8. A method of claim 7, wherein said attenuation is at 
one level if said speed signal is above a preset level, and 
is at a second level if said speed signal is below the 
preset level. 

9. A method of claim 8, wherein said first level of 
attenuation is greater than said second level of attenua- 
tion. 
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10. A method of moving pickup means from a first 
position to a second position on a disc, comprising the 
steps of: 
generating a first signal representative of the first 
position on said disc; 
generating a second signal representative of the sec- 
ond position on said disc; 
generating a distance signal which represents the 
distance between said first and second positions 
using said first and second signals; 
generating a speed signal which represents the radial 
speed of said pickup means across said disc; 
amplifying said distance signal in a nonlinear ampli- 
fier; 
generating a control signal from said amplified dis- 
tance signal and said speed signal; and 
using said control signal to control the movement of 
said pickup means across said disc. 
11. A method of claim 10, wherein said amplification 
is at one level if said speed signal is above a preset level, 


- and is at a second level if said speed signal is below the 
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preset level. 
12. A method of claim 11, wherein said first level of 
amplification is greater than said second level of ampli- 


fications. 
* * * * * 
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